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Context: Ankle sprains are the most common orthopaedic
pathologic condition, and more concerning is the high percent-
age of persons who develop chronic ankle instability (CAI).
Researchers have reported that patients with CAI are restricted
occupationally, have more functional limitations, and have a
poorer health-related quality of life. We do not know if these
limitations decrease physical activity levels.

Objective: To assess total weekly steps taken between
persons with CAI and persons with healthy ankles.

Design: Case-control study.
Setting: University research laboratory.
Patients or Other Participants: A total of 20 participants

with unilateral CAI (9 men, 11 women; age¼ 21.2 6 1.9 years,
height¼174.3 6 6.9 cm, mass¼71.9 6 11.7 kg) and 20 healthy
participants (9 men, 11 women; age¼20.4 6 2.1 years, height¼
172.1 6 5.5 cm, mass ¼ 73.1 6 13.4 kg) volunteered.

Main Outcome Measure(s): We provided all participants
with a pedometer and instructed them to wear it every day for 7
days and to complete a daily step log. They also completed the
Foot and Ankle Ability Measure (FAAM), the FAAM Sport

version, and the International Physical Activity Questionnaire. A
2-way analysis of variance (group 3 sex) was used to determine
if differences existed in the total number of weekly steps, ankle
laxity, and answers on the International Physical Activity
Questionnaire between groups and between sexes.

Results: We found no group 3 sex interaction for step count
(F range ¼ 0.439–2.108, P ¼ .08). A main effect for group was
observed (F1,38 ¼ 10.45, P ¼ .04). The CAI group took fewer
steps than the healthy group (P ¼ .04). The average daily step
count was 6694.47 6 1603.35 for the CAI group and 8831.01 6

1290.01 for the healthy group. The CAI group also scored lower
on the FAAM (P ¼ .01) and the FAAM Sport version (P ¼ .01).

Conclusions: The decreased step count that the partici-
pants with CAI demonstrated is concerning. This decreased
physical activity may be secondary to the functional limitations
reported. If this decrease in physical activity level continues for
an extended period, CAI may potentially be a substantial health
risk if not treated appropriately.
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Key Points

� The chronic ankle instability (CAI) group was less physically active than the healthy group.
� Increased laxity in the CAI group may have contributed to differences in physical activity levels.
� The decreased step count in the CAI group may have been caused by increased joint laxity or by the corresponding

changes in neuromuscular control that occur with joint instability.
� The long-term consequences of decreased physical activity with any musculoskeletal injury could lead to the

development of chronic diseases and warrant further study.

A
nkle sprains are the most common injury associ-
ated with physical activity.1 Researchers2 have
reported recurrence rates after an initial ankle

sprain as high as 70% and rates of developing chronic
residual symptoms as high as 74%. The development of
these residual symptoms, termed chronic ankle instability
(CAI), has been linked directly to posttraumatic ankle
osteoarthritis.3 Researchers have observed that participants
with CAI have greater subjective disability,4,5 neuromus-
cular changes,6,7 and mechanical instability.8–10 We do not
know if these negative changes lead to decreased physical
activity levels.

Physical inactivity is classified as one of the 3 highest-
risk behaviors in the development of cardiovascular
disease; cancer; and other chronic diseases, such as diabetes
and obesity.11 Physical activity has been shown to protect
against the development of osteoarthritis.12 Thus, whereas
often viewed as mild injuries, ankle sprains may represent a
substantial public health problem and a major health care

burden.13 The potential reduction in physical activity levels
secondary to ankle pathologic conditions and the negative
relationship that physical inactivity levels have on several
chronic diseases is concerning.

Investigators have consistently observed that participants
with CAI score lower on subjective self-report scales,
including the Foot and Ankle Ability Measure (FAAM), the
Foot and Ankle Disability Index, and the Foot and Ankle
Disability Index–Sport.4,5,8–10 These questionnaires assess
the participant’s ability to perform common activities of
daily living (eg, walking, going up and down stairs).
Investigators have reported that participants with ankle
instability scored lower on health-related quality of life
(HR-QOL) and had more functional limitations.14 In
addition, a positive correlation was reported between HR-
QOL scores and functional limitations. The HR-QOL
addresses functioning in everyday life and personal
evaluation of well-being.14 These decreases in subjective
self-report and HR-QOL may negatively affect physical
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activity levels. If physical activity levels are decreased in
patients with CAI, they could possibly have a negative
effect on subjective function. However, we do not know the
physical activity levels of persons with CAI and healthy
persons or how physical inactivity, if present, is linked to
changes in subjective function (Figure).

Ankle laxity is an objective variable that influences
subjective function. Increased laxity in persons with CAI
has also been reported to relate to subjective function.5 If
the ankle ligaments are not allowed to heal after an ankle
sprain, subjective function may be negatively affected,
which may affect physical activity levels. In a recent study
from our laboratory,15 researchers demonstrated decreased
physical activity levels in mice after an acute lateral ankle
sprain. If this decreased physical activity continues across
the life span, it could have numerous negative effects on
overall health and well-being and, therefore, needs to be
measured in patients with CAI. In addition, the differences
in physical activity levels between males and females need
to be examined. Researchers16 have observed a strong sex-
related difference in physical activity levels. In the animal
literature, investigators have reported that females are
regularly more physically active than males, whereas
authors of the human literature have suggested that males
are more active than females.16 Further study is needed to
examine if this difference exists with an injury model.
Therefore, the purpose of our study was to assess total
weekly steps taken between persons with CAI and persons
with healthy ankles and between men and women in a
university population. We also wanted to examine the
relationship between ankle laxity and physical activity
levels.

METHODS

Participants

A total of 20 participants with unilateral CAI (9 men, 11
women; age¼ 21.2 6 1.9 years, height¼ 174.3 6 6.9 cm,
mass¼ 71.9 6 11.7 kg) and 20 healthy participants (9 men,
11 women; age ¼ 20.4 6 2.1 years, height ¼ 172.1 6 5.5
cm, mass ¼ 73.1 6 13.4 kg) volunteered. We recruited
them from a single, large, urban, public research university.
All participants completed an ankle-instability question-
naire that established the criteria for classifying persons
with CAI.9 Inclusion criteria were a history of unilateral
ankle sprain, frequent sensation of the ankle ‘‘giving way,’’
pain, feelings of instability, and decreased function.
Volunteers were excluded from participation if they had
an acute ankle sprain in the 6 weeks before the study, a
history of surgery or fracture to either lower extremity, or a
previous sprain to the ankle contralateral to the chronically
unstable ankle. The participants serving as controls had no
previous musculoskeletal injury or surgery to either lower
extremity. In addition, to be included, all participants had to

report that they were healthy and had no illnesses or
chronic diseases that would impair their normal physical
activity levels. All participants provided written informed
consent, and the study was approved by the Institutional
Review Board of the University of North Carolina at
Charlotte.

Procedures

Upon enrolling in the study, all participants first
completed the FAAM and the FAAM Sport version. The
FAAM consists of a 21-item activities-of-daily-living scale;
the FAAM Sport version is an 8-item sport subscale.17 The
FAAM has been reported to be a reliable, responsive, and
valid measure of physical function for persons with
pathologic musculoskeletal conditions of the lower leg,
foot, and ankle.17 After completing the FAAM, all
participants completed the International Physical Activity
Questionnaire (IPAQ) short form. The IPAQ, which is used
to obtain internationally comparable data on health-related
physical activity,18 includes 7 questions to determine the
kinds of physical activities participants pursue and the
intensity and volume of those activities (Table 1).

After completing the FAAM, FAAM Sport version, and
IPAQ, all participants were provided with a pedometer
(Digi-Walker SW-200; New Lifestyles Inc, Lees Summit,
MO), and we explained both how to use it and our
expectations of each participant. Participants were instruct-
ed to wear the pedometer on the waistband or belt close to
the hip joint and to wear the device at all times except when
bathing, showering, swimming, or sleeping at night. We
instructed them to put on the pedometer first thing in the
morning and to remove the pedometer, complete the
provided daily step log, and zero the pedometer before
going to bed. We sent e-mails to participants each day of
the study week to remind them to wear the pedometer
during the entire day and to record their daily step counts.
Daily step totals were summed for each participant’s total.
We instructed participants not to make changes to their
typical daily routines and leisure activities for the duration
of the study. Daily pedometer measurements of 1 week (7
consecutive days) were recorded for each participant.
Pedometers have been reported to be a valid option for
assessing physical activity and have moderate to high
reliability and validity.19

After providing the pedometer, we measured ankle
laxity in participants with a portable instrumented ankle
arthrometer (Blue Bay Research Inc, Milton, FL).20,21

The ankle arthrometer has been reported to have high
reliability and validity20,21 and consists of an adjustable
plate that is fixed to the foot, a load-measuring handle
that is attached to the footplate through which the load is
applied, and a tibial pad attached to the tibia. A 6
degrees-of-freedom spatial kinematic linkage connects
the tibial pad to the footplate that measures all
components of motion (3 rotations and 3 translations)
of the footplate relative to the tibial pad.20–22 Measure-
ments quantify the anterior-posterior load displacement
and inversion-eversion rotational laxity characteristics of
the ankle-subtalar joint complex (talocrural and subtalar
joints). The spatial kinematic linkage of the arthrometer
measures the relative motion between the arthrometer
footplate and the reference pad attached to the tibia.

Figure. Theoretical model showing how chronic ankle instability
affects physical and functional impairments.
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Participants were positioned supine on a treatment table.
The leg we were testing was positioned according to
previous studies.20–22 We tested anterior-posterior dis-
placement and then inversion-eversion rotation. The
mean of 3 trials for each motion was calculated and
used for the dependent variable. A computer (MacBook
Air; Apple Inc, Cupertino, CA) with an analog-to-digital
converter (Blue Bay Research) was used to simulta-
neously calculate and record data. The resulting anterior-
posterior displacement (in millimeters) and inversion-
eversion rotation (degrees of range of motion) were
recorded. A custom software program written in Lab-
VIEW (version 2006; National Instruments, Austin, TX)
was used for data collection.

Statistical Analysis

We analyzed the descriptive data of all participants using
a 1-way analysis of variance between groups (CAI,
healthy). A 2-way analysis of variance (group 3 sex) was
used to determine differences in the total number of steps
taken weekly, ankle laxity, and the questions on the IPAQ
(Table 1) between groups and between sexes. Bivariate
correlations using Pearson product moment correlations
were calculated between ankle laxity and scores on the
FAAM and FAAM Sport version and the weekly step
counts. The a level was set at .05. We used IBM SPSS
(version 21; IBM Corporation, Armonk, NY) to analyze the
statistics.

RESULTS

Participants reported that they followed the guidelines of
the study and accurately recorded daily step counts. We
observed no differences in descriptive data (age, height,
mass) between groups (F1,38 range ¼ 0.387–1.023, P .
.05). No group 3 sex interaction was noted for weekly step
counts, ankle laxity, or questions on the IPAQ (F range
0.439–2.108, P ¼ .08). The average daily step count was
7362.4 6 1105.4 steps per day for men and 7012.1 6 987.2
steps per day for women. We observed a main effect for
group (F1,38¼10.45, P¼ .04; Table 2). The CAI group took
fewer steps than the healthy group (P ¼ .04). The average
daily step count was 6694.5 6 1603.4 steps per day for the
CAI group and 8831.0 6 1290.0 steps per day for the
healthy group. Participants with CAI also scored lower on
the FAAM (P¼ .01) and FAAM Sport version (P¼ .01) and
spent fewer minutes per day performing vigorous physical
activity (P¼ .01) and moderate physical activity (P¼ .03)
than the healthy participants (Table 2). The CAI group
spent less time during an average day walking (P ¼ .001)
and spent fewer days per week pursuing vigorous activity
(P ¼ .001) or moderate activity (P ¼ .001). We noted no
difference in the time spent sitting each day between the
groups (P¼ .06). On average, the CAI group spent less time
per week (94.2 6 28.6 min/wk) than the healthy group
(212.5 6 38.5 min/wk) performing moderate to vigorous
physical activity. As part of the IPAQ scoring protocol, we
calculated the metabolic-equivalent-of-task (MET) level
because this physiologic measure expresses the energy
costs of physical activity. The average MET levels were

Table 1. Questions From the International Physical Activity Questionnaire18

Number Question

1a During the last 7 days, on how many days did you do vigorous physical activities like heavy lifting, digging, aerobics, or fast bicycling?

1b How much time in total did you usually spend on 1 of those days doing vigorous physical activities?

2a During the last 7 days, on how many days did you do moderate physical activities like carrying light loads, bicycling at a regular pace,

or doubles tennis? Do not include walking.

2b How much time in total did you usually spend on 1 of those days doing moderate physical activities?

3a During the last 7 days, on how many days did you walk for at least 10 minutes at a time?

3b How much time in total did you usually spend walking on 1 of those days?

4 During the last 7 days, how much time in total did you usually spend sitting on a week day?

Table 2. Dependent Variables, Mean 6 SD

Variable

Group

Chronic Ankle Instability Healthy

Step count, No./d 6694.5 6 1603.4a 8831.0 6 1290.0

Walking, min/d 41.6 6 15.6a 59.2 6 10.3

Sitting, h/d 6.7 6 2.9 6.1 6 2.3

Moderate activity, d/wk 2.3 6 1.5a 4.6 6 1.9

Moderate activity, min/d 32.1 6 10.1a 46.3 6 16.6

Vigorous activity, d/wk 1.1 6 0.4a 2.8 6 1.2

Vigorous activity, min/d 20.2 6 5.2a 30.2 6 8.3

Metabolic-equivalent-of-task level (metabolic-equivalent-of-task-minutes per week) 1020.3 6 154.6a 2446.8 6 123.1

Categorical score Moderate Moderate

Moderate to vigorous physical activity, min/wk 94.2 6 28.6a 212.5 6 38.5

Anterior displacement, mm 15.1 6 2.5a 11.8 6 0.65

Inversion rotation, 8 36.1 6 4.2a 30.2 6 2.5

Foot and Ankle Ability Measure, % 88.5 6 4.3a 100.0 6 0.0

Foot and Ankle Ability Measure Sport version, % 76.3 6 10.6a 98.7 6 0.1

a Indicates a between-groups difference (P , .05).
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1020.3 6 154.6 MET-minutes per week for the CAI group
and 2446.8 6 123.1 MET-minutes per week for the healthy
group. We observed a difference between groups for the
average MET score, which is calculated by adding MET
levels for time and days spent walking and performing
moderate and vigorous physical activities. The IPAQ
categorical scores for the CAI group and the healthy group
were in the moderate range.

The CAI group had more anterior displacement and
inversion rotation than the healthy group (both P , .001).
In addition, we identified several bivariate correlations. The
strongest relationship was between anterior laxity and
average daily step count (r ¼�0.84, P ¼ .02). As anterior
displacement increased, average daily step count decreased.
We observed a relationship between inversion rotation and
average daily step count (r ¼�0.78, P ¼ .047). Our r2 for
anterior displacement/inversion rotation and daily step
count suggested that between 60% and 70% of the
reduction in physical activity could be explained by laxity
differences. As inversion rotation increased, average daily
step count decreased.

DISCUSSION

To our knowledge, we are the first to study physical
activity levels in persons with CAI. We observed that
participants with CAI took fewer steps over a 1-week
period and subjectively reported less time spent walking
and pursuing vigorous or moderate physical activity. In
addition, the average MET levels were lower in the CAI
group than the healthy group. Both groups were catego-
rized as having moderate levels of physical activity based
on the IPAQ. For this classification, participants must
perform 5 or more days of any combination of walking,
moderate-intensity activities, or vigorous-intensity activ-
ities, achieving a minimum of at least 600 MET-minutes
per week. The substantial amount of walking between
classes required for this collegiate population helped both
groups achieve the moderate level of activity. If these
decreased physical activity levels continue, one would
expect an effect on the development of numerous chronic
diseases. Given the nature of the study, we do not know
what the participants’ physical activity levels were before
they developed CAI. We were surprised that no activity
differences were present between men and women.
Authors of human studies have reported that males are
more physically active than females. Again, we may not
have observed a difference between men and women
because the college-aged population had participated in
athletic or recreational physical activities. As noted, we
sent daily e-mails to participants, reminding them to wear
the pedometer all day and to record their daily step counts.
They reported following the study guidelines and
accurately recording daily step counts.

The observed decrease in physical activity could have
been secondary to the decreased subjective function that
participants reported. Whereas we do not know the
relationship between subjective function and physical
inactivity, the decreased physical activity could have been
present first, which then would have altered subjective
function. We know that the CAI group had more laxity in
anterior and posterior displacement and that a relationship
existed between laxity and decreased physical activity. The

increases in laxity likely changed joint function and
neuromuscular control, which altered subjective function
and physical activity levels.

Given that we are the first to measure physical activity
levels in persons with CAI, direct comparison of our data
with the literature on an injured population is not possible.
Normative data have indicated that healthy adults typically
take between 4000 and 18 000 steps per day and that 10 000
steps per day is reasonable for this population.23 Both
groups in our study were taking less than the recommended
10 000 steps per day. The mean number of steps taken by
both groups was in line with a previous report in which
researchers examined step counts in adults. Bassett et al24

reported that adults took, on average, 5117 steps per day.
This is fewer steps per day than we reported; however, the
average age of participants was 45.7 years in the Bassett et
al24 study and 20.8 years in our study. Researchers25 have
observed that physical activity decreases with age.
Therefore, whereas our participants were currently taking
more steps on average than the participants in the Bassett et
al24 study, their physical activity will decrease further with
aging. Knowing that our population comprised young
college students, we would hope that they are taking more
than 10 000 steps per day on average. Students naturally
should be more physically active (age, campus setting,
more time for exercise or recreational activity). Over time,
with the constraints that come with aging, physical activity
patterns may decline well below those recommended for
optimal health.25

Similar to us, Mestek et al26 evaluated the physical
activity levels of college-aged students with the use of step
pedometers over a 7-day period. College-aged men (mean
age ¼ 22 years) averaged 10 027 6 3535 steps per day,
whereas college-aged women (mean age ¼ 21 years)
averaged 8610 6 2252 steps per day.26 Their steps per
day of relatively healthy college-aged persons were
markedly greater than those of our students with CAI but
similar to those of our healthy college-aged participants.
Tudor-Locke et al23 reported on the physical activity
patterns of adults who participated in the 2005–2006
National Health and Nutrition Examination Survey. The
adults averaged 6540 6 106 steps per day, which was
slightly less than the physical activity reported in our CAI
participants. The participants in the National Health and
Nutrition Examination Survey ranged in age from 20 to 80þ
years. Given that the age range of participants in that study
was different from the age range in our study, comparing
physical activity levels is difficult.

Another variable that makes comparison of studies
difficult is the type of pedometer used and the number of
days it was worn. Tudor-Locke et al23 had participants use
accelerometers for 7 days, whereas Bassett et al24 instructed
participants to wear pedometers for 2 days. Investigators27

have suggested that using pedometers or accelerometers for
at least 5 consecutive days is necessary to achieve an
intraclass correlation coefficient of 0.80 for reliability and
validity. The differences in results between our study and
previous studies23,24 may be secondary to the different
amount of time participants wore pedometers or acceler-
ometers.

For optimal health, public health guidelines recommend
that people should participate in moderate to vigorous
physical activity (MVPA) for at least 150 minutes per
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week.23 The healthy participants in our study were meeting
this recommendation. Unfortunately, persons with CAI
were not meeting this recommendation. The CAI group
spent an average of 94.2 6 28.6 minutes performing
MVPA during the week tested, and the healthy group spent
an average of 212.5 6 38.5 minutes. Whereas the CAI
group’s overall step counts were not lower than previously
reported step counts, they were not meeting physical
activity guidelines for MVPA. The results of the IPAQ
were based on subjective self-response, could have been
influenced by many factors, were taken only at 1 time point,
and should be reexamined at multiple time points. The CAI
group’s lack of involvement in MVPA may have been
secondary to the increased joint laxity reported in our study
or a fear of respraining the ankle. We did not specifically
measure or ask participants about fear of respraining their
ankles, and this is needed in future research because it will
affect subjective function and physical activity levels. Over
time and without an intervention, these subjective impair-
ments may continue to lead to further declines in self-
reported function and physical activity levels.

These decreases in step count, self-reported function, and
self-reported physical activity levels are concerning. Given
that this investigation was not prospective, we cannot
conclude that CAI alone led to decreased physical activity
levels; however, the decreased physical activity levels
demonstrated do require further study. As stated, authors15

of prospective animal research have reported that ankle
sprains decreased physical activity levels. The strong
relationship between laxity and physical activity levels
also speaks to the potentially strong influence CAI may
have on the decreased physical activity levels in our study.
The development of CAI may affect long-term health and
well-being if these physical activity levels remain low or
continue to decrease with aging.

CONCLUSIONS

Based on the preliminary data we presented, participants
with CAI were less physically active than participants with
healthy ankles. Increased laxity in participants with CAI
may also contribute to the differences in physical activity
levels. We do not know if the decreased step count was due
solely to increased joint laxity or potentially to the
corresponding changes in neuromuscular control that occur
with joint instability. Further research needs to be
conducted in a larger sample and over a longer period.
Researchers also need to determine if it is better to
prescribe physical activity that patients with CAI can
perform or to treat the CAI first by trying to improve the
subjective functional limitations reported. Afterward,
patients may be able to increase physical activity levels
when their subjective function improves. Either way, the
long-term consequences of decreased physical activity with
any musculoskeletal injury could lead to the development
of numerous chronic diseases and, therefore, warrant
further study.
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